A callus culture of Iris pseudacorus L. (Iridaceae) was established from plant leaves using a modified Murashige and Skoog medium. A derivative of cinnamic acid (lavandoside) (1), a neolignan (dehydrodiconiferyl alcohol-4-O-β-D-glucopyranoside) (2) as well as three isoflavonoids, tectoridin (3), tectorigenin (4), and iristectorigenin A (5) were isolated from the callus culture. Under normal conditions, the calli accumulated 0.4% DW of polyphenols. The addition of phenylalanine to a concentration of 1 mM resulted in a 1.5-fold increase in isoflavonoid production, allowing the accumulation of 0.69% of polyphenols in the callus dry weight. Tectorigenin, a promising chemotherapeutic and chemopreventive agent for the treatment of carcinomas, was produced in I. pseudacorus calli in high quantities (0.3% DW).
Iris is the largest genus within the Iridaceae family and comprises approximately 300 species occurring in Eurasia, North Africa and North America [1] . The major polyphenolic compounds found in Iridaceae are isoflavonoids. Though the application of various biotechnological methods can lead to an increase in the production of polyphenols [2a-2c,3a] , little is known about polyphenolic metabolites from cell cultures of Iridaceae. Iris pseudacorus (yellow-flag Iris) is one of the most widely cultivated and horticulturally important Iridaceae species, with numerous commercially important cultivars [3b] . A number of isoflavonoids were previously isolated from I. pseudacorus leaves treated with cupric chloride [3c] . A cell culture of this species producing only terpenoids (iridals) has been established [4a] . However, polyphenols from cultured cells of I. pseudacorus have not been previously studied. The objectives of the present investigation were to establish a callus culture producing isoflavonoids and to study their composition.
The ethanolic extract of the callus culture of I. pseudacorus was analyzed using HPLC. The most abundant polyphenolic compounds were isolated and identified by HPLC-PDA-MS, CD, 1D and NMR experiments as lavandoside (1), dehydrodiconiferyl alcohol-4-O-β-D-glucoside (2), tectoridin (3), tectorigenin (4) and iristectorigenin A (5) ( Figure 1 ) [4b-4d]. HPLC-PDA-MS analysis data for polyphenols 1-5 are given in Table 1 . Lavandoside (1) and dehydrodiconiferyl alcohol-4-O-β-D-glucoside (2) were previously isolated from Lavandula spica and Euphrasia rostkoviana, respectively [4b,4c] . This is the first time these compounds have been isolated from a cell culture of an Iridacae species. Tectorigenin (4) and tectorigenin glucosides were found in I. crocea and I. carthaliniae [4e] . The Ip-ISO callus line has been analyzed using HPLC and HPLC-PDA-MS ( Table 1 ). The total amounts of polyphenols produced by the calli were equal to 0.4% DW. Tectorigenin (3) was the main compound (0.19% DW). A derivative of cinnamic acid, lavandoside (1) , accumulated at a level up to 0.1% DW; neolignan 2 was produced in the smallest quantities (0.05% DW). These biosynthetic patterns of the callus [3a] supplemented with the following components (mg/L): thiamine-HCl (0.2), nicotinic acid (0.5), pyridoxine-HCl (0.5), meso-inositol (100), peptone (100), sucrose (25000), agar (6000), 6benzyladenine (BA, 0.5) and 2,4-dichlorophenoxyacetic acid (2,4-D, 1.0). Calli were cultivated at 25°C in the dark at 30-day subculture intervals. The actively growing callus culture of leaf origin was selected and designated as the Ip-ISO line. DLphenylalanine was dissolved in hot water and aseptically added to the culture medium at final concentrations of 0.1 mM and 1 mM.
Extraction and isolation of polyphenolic compounds:
Cells of I. pseudacorus (76 g) were extracted twice with 96% EtOH for 24 h at room temperature. The combined extract was concentrated under vacuum. The residue was dissolved in 70% EtOH, and lipophilic substances were removed by triple liquid-liquid partitioning between n-hexane and residual ethanolic solution. The ethanolic solution was evaporated under reduced pressure and applied to a Toyopearl HW-50 (3 × 20) column. The column was eluted with H 2 O -EtOH (containing 0.02% of formic acid) with gradually increasing amounts of EtOH to give 20 fractions. Fractions 5 (187 mg) and 7 (152 mg) were subsequently fractionated on a C-18 column to afford compounds 1 (4.2 mg), 2 (10.5 mg) and 3 (4.5 mg). Fractions 14 (43 mg) and 15 (21 mg) were chromatographed over silica gel using a CHCl 3 -MeOH mixture with gradually increasing amounts of MeOH and yielded compounds 4 (8.8 mg) and 5 (3.9 mg).
Analytical HPLC:
The analytical HPLC was carried out using an Agilent Technologies 1100 series HPLC system equipped with a VWD detector (λ = 280 nm). The extracts were analyzed using a Supelco Analytical HS-C18 column (3 µm, 4.6 × 75 mm) thermostated at 30°C. The mobile phase consisted of 1% aqueous acetic acid (A) and acetonitrile containing 1% acetic acid (B). For the analysis, the following 8 gradient steps were programmed: 0-2 min, 5-10% B, 2-4 min, 10-20% B, 4-10 min, 20-30% B, 10-12 min, 30-40% B, 12-15 min, 40-50% B, 15-17 min, 50-90% B, 17-20 min, 90-5% B. The flow rate was 0.8 mL/min. The data were analyzed with the ChemStation program var. 09 (Agilent Technologies, Waldbronn, Germany).
HPLC-PDA-MS analysis:
The isolated compounds were analyzed using a Shimadzu HPLC-PDA-MS system consisting of a CBM-20A system controller, two LC-20AD pumps, a DGU-20A3 degasser, a SIL-20A autosampler, a SPD-M20A UV-VIS photodiode array detector, and a Shimadzu LCMS-2020 mass detector. The compounds were eluted and analyzed on a Shim-park XR-ODS 75 × 3.0 mm i.d. thermostatically controlled (36°C) column (2.2 µm particle size) at a flow rate of 0.3 mL/min. A 1% solution of aqueous acetic acid (A) and acetonitrile containing 1% acetic acid (B) were used for gradient elution as follows: 10-100% B (10 min), 100% B (2 min) and 100-10% B (2 min), with an injection volume of 2 µL. The MS settings were as follows: electrospray ionization (ESI), negative and positive ion modes, 150-800 m/z scans, N 2 drying gas (10 L/min), nebulizer gas flow (1.5 L/min), interface voltage (3.5 kV) and detector voltage (1.2 kV). Calli were cultivated for 30 days. Inoculum biomass was 0.2 g. The data (mean  SE) were obtained from 4 independent experiments with 3 replicates each.
